Root barks of Chionanthus virginicus L. are used in homeopathic medicines in the treatment of icterus and hepatitis. The objective of this study is to identify novel secoiridoids and lignans and to develop a simple and reliable HPLC method for the determination of oleuropein, phillyrin, total secoiridoids and total lignans for quality control and stability studies of C. virginicus herbal drug and preparations. Secoiridoids and lignans were purified by preparative HPLC. Compounds previously described were identified by HPLC according to their retention times and UV spectra. Structures of new compounds were determined by NMR. Two compounds namely excelside B and acetoxypinoresinol-4"-O--D-glucoside are described for the first time in the drug. HPLC separation was performed on Symmetry C18 (Waters) by gradient elution using acetonitrile and 0.2% aqueous phosphoric acid. The method was validated for specificity, linearity, precision, accuracy, limits of detection and quantification for simultaneous determination of secoiridoids and lignans in herbal drug and herbal preparations as mother tinctures. The proposed HPLC method is linear in the range studied (r 2 ≥ 0.9989) for all the analytes. The method is precise with intra-and inter-day variations of less than 4%. The mean recoveries of the analytes range from 99.65 to 102.81%. The method is successfully applied to the quantification of nine compounds belonging to secoiridoids and lignans and for the stability studies of these compounds. The study allowed completing the phytochemical knowledge of C. virginicus. This simple developed assay could be used as tools for routine quality control of C. virginicus herbal drug and herbal medicinal products.
Chionanthus virginicus L. (Oleaceae) is used in folk
Eastern North American medicine as cholagogue, choleretic, mild laxative and depurative [1, 2] . Root barks are used in homeopathic medicines in the treatment of hepatitis and icterus [3] .
No official method is currently available to assess the quality control of the herbal drug and herbal preparations. The monograph of the French Pharmacopoeia [4] presents botanical identification and TLC analysis without any quantitative determination. In previous study [5] , three secoiridoids (oleuropein (7) , ligustroside (9), angustifolioside B) and five lignans (pinoresinol-4"-O--D-glucoside (2) , pinoresinol-4',4"-di-O--D-glucoside (1), phillyrin-2-O--D-glucoside (4), phillyrin-6-O--Dglucoside (5) , phillyrin (8) ) have been isolated from the root bark of Chionanthus virginicus L. A quantitative HPLC method was proposed, however this method did not provide sufficient resolution for quantification in routine analysis. The present paper improves phytochemical investigation and quality control of herbal drug and herbal preparations of C. virginicus using specific TLC and HPLC methods.
The phytochemical knowledge of C. virginicus has been completed. Nine compounds were isolated and purified by preparative HPLC according to the method described in Experimental (Table 1) . Among the isolated compounds, seven were previously described (1, 2, 4, 5, 7, 8, and 9). They were identified by HPLC analysis according to their retention times and UV spectra.
Angustifolioside B previously reported in C. virginicus and identified by 1 H NMR and 13 C NMR in accordance with data published by Calis et al. [6] , is not confirmed and a revised structure is proposed. The use of 1D and 2D-NMR allowed revision of the structure and demonstrated that the compound identified as angustifolioside B is in fact a secoiridoid named excelside B [7] . In addition, another lignan is isolated and identified as acetoxypinoresinol-4"-O--D-glucoside (3) by comparison with 1 H NMR and 13 C NMR published data [8, 9] . These compounds are reported for the first time in root bark of C. virginicus. This study provides a review of the phytochemical composition of the root barks of C. virginicus presented in Table 1 .
NPC Natural Product Communications
In the French Pharmacopoeia, the qualitative control of herbal drug and mother tincture is performed by TLC analysis using two different TLC systems with -hederin, aescin, gallic acid and pyrogallol as position standards. These compounds, not present in the root bark of C. virginicus, are only used for the description of the chromatograms without any identification of characteristic compounds.
In this paper, we proposed a single TLC system using oleuropein and phillyrin as standards. This method allowed to separate and identify the following compounds: oleuropein (Rf 0.80, green band), phillyrin (Rf 0.69, purple band), phillyrin-2-O--D-glucoside (Rf 0.43, purple band), phillyrin-6-O--D-glucoside (Rf 0.48, purple band), ligustroside (Rf 0.85, brown band). This TLC method could be applied for the quality control of C. virginicus root bark and its preparations.
For the quantitative control of herbal drug and herbal drug preparations of C. virginicus, we have developed and validated an HPLC method for the assay of oleuropein, phillyrin, total secoiridoids and total lignans.
In contrast with the isocratic method previously described [5] , a significant improvement in the separation of the peaks was observed with the new gradient method. As a result, under the optimised conditions, a baseline separation was achieved within 55 min, with symmetrical, sharp and well-resolved peaks for almost all analytes including the minor components.
Standard solution and sample solutions were prepared and analysed to investigate the specificity of the method. Typical chromatogram of sample solutions of herbal drug is presented in Figure 1 .
No interference and great resolution are observed between the nine compounds authenticated by the comparison of retention time and UV spectra with standards. Furthermore, the purities of the investigated peaks were all confirmed by DAD purity studies.
Linearity data are shown in Table 2 for herbal drug and Table 3 for mother tincture. The calibration curves were linear within the tested concentration range. All correlation coefficients were greater than 0.9989.
The results of intra-and inter-day precision are presented in Table 2 for herbal drug and Table 3 for mother tincture. The intra-day % RSD was less than 4.00% for herbal drug and mother tincture and the inter-day % RSD was less than 4.00% for herbal drug and less than 2.50% for mother tincture showing a good precision of the method.
Recoveries determined for each component were between 101.6 and 102.8% for herbal drug, between 101.8 and 99.6% for mother tincture and RSDs were less than 1.4% indicating a good accuracy. The limit of detection was 1.5µg/mL for phillyrin and 2.5µg/mL for oleuropein. The limit of quantification was 4.9µg/mL for phillyrin and 8.3 µg/mL for oleuropein.
The validated HPLC method is successfully applied for the quality control of herbal drug and mother tinctures. The fingerprints of five batches of the root bark of C. virginicus and their corresponding mother tinctures are similar. The nine compounds are detected in all samples. Oleuropein and phillyrin, commercially available, are characteristic compounds of herbal drug and herbal drug preparations. Their quantification are realised by external calibration. The total lignan content was calculated based on the sum of the five main components expressed as phillyrin: (5) and phillyrin (8) . The total secoiridoid content was calculated based on the sum of the three components expressed as oleuropein: excelside B (6), oleuropein (7) and ligustroside (9) .
The quantitative data of the analysis of the five batches of herbal drug and mother tinctures are summarized in Tables 4 and 5. The concentration of secoiridoids and lignans are homogeneous between the different samples.
The content of secoiridoids ranges from 3.30% to 5.60% for herbal drugs and from 0.45% to 0.70% for mother tinctures. The content of lignans ranges from 6.50% to 9.50% for herbal drug and from 0.80% to 1.10% for mother tinctures. The validated HPLC method is also used for the stability studies of lignans and secoiridoids content in mother tincture. After six months of storage of batch 1210214 in the ICH conditions [10] , the secoiridoids content decreases about 7% at 30°C and about 10% at 40°C whereas the lignans content do not show any variation for all tested conditions (Figure 2 ). This method is suitable for assessing the stability of secoiridoids and lignans.
In the present study, a revised phytochemical composition of C. virginicus is reported. Excelside B is identified in the root barks of C. virginicus instead of angustifolioside B as previously described. Excelside B and acetoxypinoresinol-4"-O--D-glucoside are reported for the first time in the root bark. A specific TLC method allows to identify secoiridoids and lignans using available standards. A new, simple, sensitive and reproducible HPLC method has been developed and validated for the simultaneous quantification of secoiridoids and lignans in herbal drug and herbal preparations of C. virginicus. Precision, sensitivity and linearity are satisfactory in the range studied.
The proposed TLC and HPLC methods are suitable for quality control of C. virginicus herbal drug and its preparation and could be proposed for a new C. virginicus monograph in the French or European Pharmacopoeia.
Experimental
Plant material: Samples of dried root bark of Chionanthus virginicus L. were provided by Boiron Laboratories (batch numbers 214, 425, 136, 186 and 302). They were collected in southeast USA and dried naturally. Root bark was powdered and stored in a dry room and protected from light.
